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Abstract 
Nano-particulate composite AlSi12 with Single, Double and Multi walled Carbon Nanotubes (SWCNTs, DWCNTs & 
MWCNTs) as reinforcement at 0.5% by weight are fabricated using powder metallurgy process. Powder Metallurgy 
test specimens were prepared according to ASTM B-925 standards and specimens were tested for Tensile strength 
and Hardness. It is observed that AlSi12 reinforced with 0.5 weight percentage of SWCNTs, DWCNTs & MWCNTs 
has shown improvement in tensile strength and hardness when compared with pure AlSi12 alloy. In this work an 
attempt also made to test energy dispersive X-ray spectroscopy (EDS) and thermogravimetric analysis of nano 
particulate composite samples.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the International Conference on Nanomaterials and Technologies (CNT 2014). 
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1. Introduction 
Among the cast aluminium alloys, Aluminium-Silicon alloy is the first and most important casting alloy primarily 
because of their excellent casting characteristics.  
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Silicon is one of the few elements that may be added to aluminium, without loss of its weight advantage, 
Srinivasulu Reddy et al. (2009). Development of new composite materials using metal matrix with different 
reinforcements is playing major role especially for components used in higher operating temperatures. Many 
researchers have studied varieties of reinforcements with aluminium matrix to produce Metal Matrix Composites 
(MMCs) to achieve the required properties. Carbon Nanotubes (CNTs) are ideal reinforcement since it extremely 
high strength, modulus of elasticity, low density, high stiffness and high specific surface area. Umashankar et al. 
(2010) conducted tests with 0.25, 0.5, 0.7, 1.0, 1.5% weight percentages of MWCNTs proved that more than 0.5 
weight percentage of MNCNTs leads to clustering and thus the damping and stiffness properties are reduced 
remarkably. Hence we have conducted the tests with SWCNTs, DWCNTs and MWCNTs at 0.5 weight percentage 
only.  
To prepare MMCs, powder metallurgy process is one of the important processing techniques on account of 
homogeneity in composition and microstructure. However literature studies indicate that major works are have been 
carried out on polymer and ceramic based CNT reinforcement composites, Rupesh Khare (2005). Researchers Deng 
(2007), Chunfeng (2007), Choi (2008) have produced and characterized the Carbon nanotube based Aluminium metal 
matrix composites by powder metallurgy process and it has been reported that Powder metallurgy process is one of 
the better processing techniques for these kinds of metal matrix composites.  Most of the researchers worked on 
MWCNTs reinforced AlSi12 alloy based composites. In the present work AlSi12 alloy based composites are 
produced by powder metallurgy process and reinforced with single walled (SWCNTs), double walled (DWCNTs) and 
multi walled carbon nanotubes (MWCNTs) and their tensile strength and hardness values have been investigated. 
 
2. Materials and Methods 
 
 Aluminium and Silicon powders were supplied by M/s Metal Powder. Co Ltd, Chennai. Atomised Aluminium 
powder with particle size in between 45 to 75μm is used.  Particle size more than 75 μm is maximum of 3% 
according to dry sieve analysis as per ASTM B-214 standards. Silicon in the form of amorphous powder with particle 
size less than 45 μm according to ASTM D-185 wet sieve analysis is used. Silicon powder with more than 45 μm is 
maximum 5% and more than 75 μm is maximum 1%. Research grade SWCNTs, DWCNTs and MWCNTs was 
supplied by M/s Sigma Aldrich, Bangalore. The properties of  MWCNTs are shown in Table 1.  
 
Table 1: Properties of MWCNT 
Properties Values 
 
Purity 
 
Carbon>90% (trace metal basis) 
OD*ID*L 10-15 nm * 2-6 nm * 0.1-10 μm 
Impurities  
 
Melting Point 
Density 
Amorphous carbon, none detected by 
transmission electron microscope(TEM) 
3652-3697 °C 
~2.1 g/ml at 25 °C 
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2.1. Establishment of compaction load 
 
In order to achieve optimal compaction density, trial compaction was done for AlSi12 powder. A cylindrical die of 
25.4mm diameter was used to obtain cylindrical specimens as per ASTM B-925. A coating of Zinc Stearate was 
applied to the die to minimize friction during the compaction process. 36 grams of metal powder was taken in the die 
and load was applied through a hydraulic press of 40 Ton capacity and optimum compaction load is found. It is found 
that there is no change in density of AlSi12 specimen beyond 160KN as shown in Fig.1. After compaction, the 
specimen was ejected and its density and volume are measured. 
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Fig.1. Variation of density with compaction load 
2.2 Preparation of composite 
 
Specimens were prepared with pure AlSi12, AlSi12 with 0.5% by weight of SWCNTs, AlSi12 with 0.5% by 
weight of DWCNT and AlSi12 with 0.5% by weight of MWCNTs as reinforcement. Initially Al, Si and CNT  
powders are cleaned with ethanol solution. These powders are mixed with 2% by weight of Ethylene bis stearamide 
(EBS) synthetic wax, which acts as lubricant for binding between the powders. EBS also used to facilitate and 
stabilize the dispersion of materials to enhance processibility and to decrease friction. The mixing was done in an 
ultrasonic shaker for 30 minutes. The mixed powders were dried at 120°C in muffle furnace for 30 minutes in 
controlled environment using Argon gas. Dried powders are further ball milled using high speed planetary ball mill 
apparatus. The process of mixing is continued for 20 minutes duration at 80 rpm in order to achieve uniform mixing. 
Thoroughly mixed Al & 12% Si powders (AlSi12) with 0.5 weight percentage of SWCNTs was compacted in the die 
using a 40 Ton capacity Universal Testing Machine (UTM) adopting ASTM B-925 procedure.  After compaction, the 
specimen is ejected carefully and the green specimen is sintered in controlled atmosphere using Argon gas for 1 hour 
at 490°C. Various stages in the preparation of test specimens are shown in fig. 2 to fig.5. Similar procedure is adopted 
to prepare test specimens with DWCNTs and MWCNTs. These specimens were tested for tensile strength and 
hardness and results are compared with standard AlSi12 specimen.  
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    Fig 2.Specimen under compaction using UTM             Fig 3. Specimen after compaction 
  
             
 Fig 4. Specimen under sintering process               Fig 5. Sintered specimen & Tensile test specimen  
 
 
3. Experimentation results and discussions 
Hardness, tensile values, EDS graphs, SEM and Thermo-gravimetric analysis of different samples are found and 
discussed. 
 
3.1 Hardness  
 
Hardness of specimens AlSi12, 0.5% of SWCNTs, DWCNTs and MWCNTs reinforced composites were 
determined using Rockwell Hardness Tester. The results are tabulated in Table 2. It is observed that hardness values 
increased with 0.5% of SWCNTs, DWCNTs and MWCNTs reinforced composite specimens when compared to base 
specimen AlSi12. It is also observed that hardness value is highest with SWCNTs, when compared with DWCNTs 
and MWCNTs. This is due to the structure of SWCNTs in AlSi12 and contribution of metallurgical composition. 
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Table 2: Values of Hardness  
Material Load(KN) Hardness(HRB) 
 
AlSi12 
 
160 
 
13.99 
SWCNT 160 35.5 
DWCNT  
MWCNT 
160 
160 
35.17 
24.44 
 
3.2 Tensile strength 
 
Tensile tests were conducted on the Universal Testing Machine. Load elongation data is captured by the software 
and further analysed. Test specimens were prepared as per ASTM standards shown in fig.6. Results are plotted as 
shown in fig.8 and it is clear that AlSi12 alloy with 0.5% weight percentage of SWCNTs has highest tensile strength 
value of  210 N/mm2 compared to other CNTs and pure AlSi12 alloy. 
 
Fig 6. Tensile test specimen 
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Fig 7.  Hardness variation with CNTs     Fig 8.  Tensile strength variation with CNTs 
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3.3 Scanning Electron Microscopy (SEM) & Energy-dispersive X-ray Spectroscopy(EDS) 
 
Scanning Electron Microscopy images to study the morphology and Energy dispersive X-ray spectroscopy 
graphs to study the elemental analysis of AlSi12 alloy and AlSi12 alloy reinforced with 0.5 % SWCNTs, DWCNTs 
and MWCNTs by weight are shown Fig.9, 10 and 11 respectively.  EDS confirms us the presence of the desired 
elements in the fabricated specimen. It is performed to ensure the correctness of composition and fabrication 
procedure of the specimen. Comparison of various elements present in specimens is presented in table 3. It is 
observed that the impurities present in each sample are less than 1%. 
 a       b               
  
 
Fig. 9. (a) SEM image; (b) EDS graph. 
 
a       b 
 
 
Fig.10 (a) SEM image of AlSi12 with 0.5% weight of SWCNTs (b) EDS graph 
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a       b 
 
Fig.11 (a) SEM image of AlSi12 with 0.5% weight of DWCNTs (b) EDS graph 
 
a       b 
 
Fig.12 (a) SEM image of AlSi12 with 0.5% weight of MWCNTs (b) EDS graph 
 
Table 3 
Element 
Wt. % 
(AlSi12) 
Wt. % 
SWCNT 
Wt. % 
DWCNT 
Wt. % 
MWCNT 
Al 86.87 87.65 87.06 87.08 
Si 11.17 11.07 11.76 11.64 
C 0.0 0.49 0.48 0.42 
Others 1.96 0.79 0.7 0.86 
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3.3 Thermogravimetric Analysis (TGA) 
Thermal stability measurement is carried out to observe the residual elements present in the sample with respect to 
temperature variation at the rate of 1ºC to 3ºC per minute. TGA can also be used to evaluate the purity of the samples 
by measuring the parameters like residual mass, oxidation temperature, and initiation temperature. The mass 
remaining after heating is defined as residual mass, the point of maximum weight loss is termed as oxidation 
temperature and the starting point of the decomposition is termed as initiation temperature. 
 
From TGA graphs, a comparative study is carried between different samples and results are plotted as shown in fig 
13. Effect of variation temperature and oxidation temperature on different test specimens is shown in fig.13(a) and 
percentage weight loss of test specimens is shown in fig.13(b). Oxidation temperature of AlSi12 sample is 425.92ºC 
with weight loss of ~1.161%, whereas initiation temperature starts at 30.31ºC. This initiation temperature can be 
increased by the reinforcement of different CNT’s. 
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Fig. 13 TGA of specimen 
(a) Variation of Initiation & Oxidation Temperatures; (b) Change in residual mass 
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Initiation temperature of SWCNTs reinforced AlSi12 sample is 34.57ºC, which is much higher than that of AlSi12 
sample. A ~3.824% of weight loss is observed at the oxidation temperature of 581.91ºC. With reinforcement of 
DWCNTs into AlSi12 matrix, it is observed that the initiation temperature is 37.84ºC. This is higher than SWCNTs 
reinforced specimen and pure AlSi12 specimen. Oxidation temperature of this sample is 613.62ºC with ~1.688% 
weight loss. 
 
When AlSi12 is reinforced with MWCNTs, it is observed that the initiation temperature is 30.3ºC, which is ~20% 
less than DWCNTs reinforced sample, whereas oxidation temperature of this sample is 629.2ºC which is ~2.5% 
higher than that of DWCNTs reinforced sample. TGA results of all the samples are studied and it is observed that 
MWCNTs reinforced AlSi12 is more resistant to oxidation temperature, when compared to other samples. From TGA 
graphs, it is observed that thermal stability of AlSi12 specimen increases with the introduction of CNT’s. MWCNTs 
reinforced AlSi12 sample has highest thermal stability, when compared to other CNT’s. This is attributed to the 
bonding within the MWCNTs structure, number of walls present and other materials, John et al. (2011). 
 
 
4. Conclusions 
 
AlSi12 composites with SWCNTs, DWCNTs and SWCNTs in weight percentage of 0.5 as reinforcement were 
prepared through powder metallurgy process. These specimens were tested for hardness and tensile strength. From 
the investigation, it can be concluded that nano particulate composites with AlSi12 alloy as matrix and single wall 
carbon nanotubes as reinforcement with 0.5% by weight shown significant improvement in hardness and tensile 
strength when compared to multiwall and double wall carbon nanotubes reinforcement. Morphological and elemental 
analysis is carried out by SEM & EDS. EDS images ensures us the presence of carbon in single wall, double wall and 
multi wall carbon nanotube samples with ~99% purity.  Microstructure of AlSi12 and CNT reinforced AlSi12 
samples were examines through SEM. From TGA the initiation temperature of DWCNTs is highest when compared 
to other samples. Thermal stability of MWCNTs reinforced AlSi12 is highest when compared to other samples. 
Residual mass percentage of MWCNTs reinforced AlSi12 is highest when compared to other samples. Hence it can 
be concluded that for mechanical applications SWCNTs reinforced AlSi12 and for thermal applications use of 
MWCNTs reinforced AlSi12 can be suggested. 
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